The bacterial genus Listeria contains both saprotrophic and facultative pathogenic species. A small genome size has been suggested to be associated with the loss of pathogenic potential of L. welshimeri and L. seeligeri. In this paper we present data on the genome of L. monocytogenes strain FSL J1-208, a representative of phylogenetic lineage IV. Although this strain was isolated from a clinical case in a caprine host and has no decreased invasiveness in human intestinal epithelial cells, our analyses show that this strain has one of the smallest Listeria chromosomes reported to date (2.78 Mb). The chromosome contains 2,772 protein-coding genes, including well-characterized virulence-associated genes, such as inlA, inlB, and inlC and the full prfA gene cluster. The small genome size is mainly caused by the absence of prophages in the genome of L. monocytogenes FSL J1-208, and further analyses showed that the total size of prophage-related regions is highly correlated to chromosome size in the genus Listeria. L. monocytogenes FSL J1-208 carries a unique type of plasmid of approximately 80 kbp that does not carry genes annotated as being involved in resistance to antibiotics or heavy metals. The accessory genes in this plasmid belong to the internalin family, a family of virulence-associated proteins, and therefore this is the first report of a potential virulence plasmid in the genus Listeria.
L
isteria monocytogenes is a primarily saprotrophic Firmicutes member that can be found in a wide variety of environments, such as soil, decaying plant material, and water. Once it invades a compatible host, it changes from a saprotrophic lifestyle into an intracellular pathogenic lifestyle. Extensive phylogenetic research based on both enzyme electrophoresis (34) and nucleotide sequence data (37, 52) has shown that L. monocytogenes consists of four divergent phylogenetic lineages, designated lineages I, II, III, and IV (52) . Lineage IV was formerly classified as lineage IIIB, a subpopulation of lineage III (39) , and only recently was considered divergent enough from the other lineages to warrant its own lineage (52) . In a study that predates the current subdivision of lineage III into lineages III and IV, Jeffers et al. (20) showed that lineage III strains, while being generally rare, were found less frequently among human cases and were more common among animal cases. This observation suggests a putative difference in the ecology of lineage IV and III strains, with the possibility of host specificity of lineage III and IV for nonprimate mammals. Alternatively, the low frequency of lineage III and IV among human listeriosis cases can also be explained by the fact that lineage III and IV isolates show a low prevalence among food isolates (16, 51, 53) and thus a low exposure of lineage III and IV strains for the human host. This may be related to the fact that lineage III and IV strains are less adapted to stresses experienced in foods and food processing environments (9) . Current genome sequencing efforts have mainly focused on genomes of strains representing lineages I and II (as of 26 July 2011, 27 out of 33 publicly available genome sequences belonged to lineage I and II), as these lineages represent the majority of isolates involved in human clinical cases, while lineage III is represented by 5 genomes (three virulence attenuated strains, HCC23, L99, and M7, as well as FSL J2-071 and FSL F2-208), and lineage IV is represented by 1 partially sequenced genome .
In this study we use a newly generated high-quality draft genome sequence of L. monocytogenes FSL J1-208 to further elucidate various aspects of genome evolution in L. monocytogenes. While a partial draft of FSL J1-208 has been released previously by the Broad institute (Listeria monocytogenes Sequencing Project; Broad Institute of Harvard and MIT [http://www.broadinstitute .org/]; GenBank accession NZ_AARL00000000), we performed de novo sequencing to obtain a near-complete draft genome of this strain. FSL J1-208 was isolated from a goat that was part of one of two listeriosis outbreaks that occurred in two separate goat herds on the same farm during a 16-month period and were caused by the same subtype, as determined by ribotyping; the outbreak strain was hypothesized to have spread among these herds through a venereal route (55) . This makes this strain highly unusual, since L. monocytogenes infections in goats usually occur through ingestion of contaminated feedstuff and subsequent entry of the host either via the intestine (54) or through small wounds in the lips and the oral cavity (5) . Further characterization of this strain showed that it had a higher invasion efficiency in Caco-2 cells and a consistently high number of CFU in liver, spleen, small intestine, and lymph nodes in a guinea pig infection model compared to lineage I, II, and III strains, indicating that this may be a strain with a high virulence potential (31) . The availability of a high-quality draft genome of a lineage IV strain should increase our understanding of genome evolution and putative host specificity in L. monocytogenes.
and PCR primers targeting these genes (see Table S1 in the supplemental material for primers).
Sequence comparison of virulence plasmid to other Firmicutes plasmids.
To compare the plasmid of L. monocytogenes FSL J1-208 to plasmids found in other Firmicutes, a protein BLAST search was performed against the NCBI protein database and against proteins carried on plasmids of Clostridium perfringens (pCP13; GenBank accession NC_003042) and Enterococcus faecium (pGM1; GenBank accession AB206333).
Distribution of virulence plasmid in L. monocytogenes. A representative selection of Listeria spp. isolates (see Table S2 in the supplemental material) was screened by PCR for the presence of two virulence plasmidspecific genes. First, isolates were screened for P60, which is part of the conjugative operon, and when isolates were positive for this gene they were screened for inlP3 and the plasmid's origin of replication region (see Table S1 of the supplemental material for primers). The P60 and inlP3 PCR products were sequenced for isolates that were found positive for these genes.
Phylogenetic classification of internalin-like proteins found in the genome of FSL J1-208. A phylogeny of internalin-like proteins found in FSL J1-208 and a representative collection of L. monocytogenes strains (EGDe, F2365, CLIP80459, HCC23, and FSL F2-208) was constructed as described by den Bakker et al. (11) . Briefly, an amino acid alignment of the internalins was created using MAFFT (21) , and a maximum likelihood (ML) phylogeny was created in PhyML 3.0 (17) .
Multilocus sequence analysis of outbreak-related isolates. In addition to FSL J1-208, a number of other clinical isolates were available from the listeriosis outbreak from which FSL J1-208 was recovered (55) . The phylogenetic relationship of five other isolates involved in the caprine outbreak and one isolate from a caprine listeriosis case on a nearby farm (Table 1) was inferred based on the 10-gene multilocus sequence typing (MLST) loci described by den Bakker et al. (10) . RaxML version 7.0.4 (46) was used to infer an ML phylogeny and ML bootstrap values based on 100 bootstrap replicates.
Phylogenetic clustering based on replication protein. To infer the putative relationship of plasmid pLMIV (the name given here to the plasmid found in L. monocytogenes FSL J1-208) to previously published Listeria plasmids (23) and a wide variety of plasmids found in other Firmicutes, we performed a phylogenetic analysis of the repA gene (the main plasmid replication gene). Nucleotide sequences of 41 repA loci were aligned guided by their amino acid translation (1) by using Muscle (12) . PhyML 3.0 (17) was used to infer a ML phylogeny by using a model of nucleotide evolution that was selected based on the results of JModeltest version 1.1 (35) using the Akaike information criterion. Nonparametric ML bootstrap support was based on 100 bootstrap replicates.
Plasmid curing and Caco-2 invasion assays. To determine if the presence of plasmid pLMIV in the genome of FSL J1-208 influences the invasion efficiency of this strain in human intestinal epithelial cells (a phenotype associated with the presence of inlA, which encodes internalin A), we compared the invasiveness of FSL J1-208 to the invasiveness of this strain previously cured of the plasmid pLMIV (the cured strain is designated FSL B2-294). FSL J1-208 was cured from its plasmid by repeated passage of the parental strain at high temperature (40°C) as described by Margolles and de los Reyes-Gavilán (26), without curing agent. The absence of pLMIV was confirmed by the absence of PCR products for P60, inlP3, and the plasmid's origin of replication. The Caco-2 assays were performed as previously described by Nightingale et al. (30) with three biological replications (with three technical replications per biological replication).
Conjugation experiments. Because pLMIV lacks genes involved in antibiotic resistance and thus lacks selective markers that could be used to select for putative transconjugants, we introduced a kanamycin resistance gene (kanR) into pLMIV. The kanR gene was introduced into the inlP3 gene of pLMIV as previously described by Orsi et al. (33) . Conjugation experiments were performed with the kanamycin-resistant FSL J1-208 mutant (FSL B2-322) as donor and the streptomycin-resistant L. monocytogenes 10403S (a lineage II strain) as recipient. Donor and recipient strains were grown overnight in liquid brain heart infusion (BHI) broth at 37°C with shaking. Aliquots (100 l) of the donor and recipient strain cultures were spotted on top of each other on a BHI agar plate, left for 1 h at room temperature, and subsequently incubated overnight at 37°C. The next day the lawn, consisting of donor and recipient strains, was liquefied in BHI and plated on BHI agar plates containing 50 g/ml of kanamycin and 200 g/ml of streptomycin and on plates containing only one of the selective agents as a control. PCR amplification of sigC, a gene found in 10403S but not in FSL J1-208, was used to discriminate putative transconjugant 10403S colonies from FSL J1-208 colonies that had spontaneously acquired streptomycin resistance.
Nucleotide sequence accession numbers. The genome sequence of L. monocytogenes FSL J1-208 generated in this study has been deposited in GenBank. This whole-genome shotgun project has been deposited at DDBJ/EMBL/GenBank under the accession number AEIS00000000. The version described in this paper is the first version, accession number AEIS01000000. for by the absence of prophages in the genome of FSL J1-208, we decided to test if there was a correlation between chromosome size and the sum of the length of prophages in Listeria (see Table S5 in the supplemental material). We obtained data from nine fully se-
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welshimeri SLCC5334, and L. seeligeri SLCC) and found a significant correlation between chromosome size (including prophages), and the total length of prophages ( Fig. 1 ; Pearson's product-moment correlation r ϭ 0.81; P ϭ 0.0082). There was no significant correlation between the chromosome size without the prophage regions and the total prophage size (Pearson's productmoment correlation r ϭ 0.07; P ϭ 0.85). L. monocytogenes FSL J1-208 contains a plasmid that carries virulence-related genes but no resistance genes. Automated annotation of the contigs resulting from the initial de novo assembly of the Illumina reads showed that two contigs contained a number of plasmid-associated genes, such as genes involved in plasmid replication and conjugation. Closing of the gaps between the two contigs confirmed that these two contigs form a circular plasmid of 77,825 bp. Phylogenetic analysis based on repA sequences (Fig.  2) placed pLMIV in the same clade as other previously described Listeria plasmids (23); however, it is found in a distinct subclade.
The size and the presence of this plasmid were further confirmed by PFGE and Southern blotting with probes targeting the lytic transglycolase gene involved in conjugation of plasmids and an internalin gene (inlP3) predicted to be on this plasmid. PFGE of undigested genomic DNA revealed a band of about 80 kbp, representing the plasmid (see Fig. S1 in the supplemental material). This band hybridized with the plasmid-specific probes and was absent in the negative control (L. monocytogenes 10403S).
The plasmid found in strain FSL J1-208 contains 82 ORFs; most of these ORFs have homology to genes involved in plasmid replication (homologues of repA, repB, and parA) and conjugation ( Fig. 3A ; Table 3 ). The position of the switch in GC skew coincides with the position of the intergenic region between repB and repA, which is typical for the origin of replication of thetareplicating plasmids (44) . Within the conjugation region is a putative transfer operon (a type IV secretion-like system). ORFs in this operon encode homologues of transfer genes, such traE, traG, and a lytic transglycolase. Genes found in this operon show a slightly higher similarity to homologues found in plasmids of Enterococcus species (median 36% amino acid [aa] identity) than homologues found in plasmids in other Listeria species (median 28% aa identity).
The plasmid contains four genes belonging to the internalin family (named inlP1 to inlP4) and one ORF that lacks the leucinerich repeat (LRR) region characteristic for internalins but contains other internalin-specific conserved domains, such as an LRR-adjacent domain, two Listeria/Bacteroides repeats, and an LPXTG motif (Fig. 3B) . A phylogenetic comparison of these five internalin-like genes to internalin-like genes found in previously sequenced Listeria genomes showed that four of these genes cluster in a clade that contains known virulence-associated internalins, like internalin A and internalins of the internalin C2/H cluster (Fig. 4) . One of the plasmid-borne internalin-like genes (inlP3) is placed in a completely different part of the tree (Fig. 4) , indicating that this internalin is not closely related to the other plasmidborne internalins and may have been introduced into the plasmid on a separate occasion during the evolutionary history of the plasmid. The invasion efficiency in human epithelial Caco-2 cells of the plasmid-cured FSL B2-294 strain was not significantly different from its parental strain FSL J1-208 (Wilcoxon rank sum test, P ϭ 0.7) (Fig. 5) .
Besides the aforementioned internalin-like genes, a small cluster of accessory genes encoding a putative two-component regulatory system and an ABC transporter shows amino acid homology to a similar gene cluster in the genomes of several species of Clostridium (e.g., Clostridium perfringens strain 13, Clostridium scindens ATCC 35704). The putative function of this gene cluster is currently unknown.
Homologues of the cna-B repeat protein found on the FSL J1-208 plasmid are commonly found in ICE in Firmicutes and plasmids of Gram-positive bacteria and are possibly involved in the conjugation process. Upstream of the transfer operon of plasmid pLMIV, an ORF encoding a relatively large (968-aa) protein which contains six cna-B-type domains is found. cna-B-type domains are found in collagen binding proteins; however, these domains do not mediate collagen binding but are thought to form a stalk in the collagen binding protein (8) . An LPXTG motif cell wall a The length of the insertion was calculated from the first base pair of the first ORF in the insertion/deletion region to the last base pair of the last ORF in the insertion/ deletion region. b The average length of a genomic insertion (either a prophage, minicluster, or singleton insertion) was calculated by dividing the total length of the insertion by the number of insertions.
anchor domain and a signal peptide are also present in this protein, indicating that this protein is anchored to the peptidoglycan cell wall. Homologous cna-B domain-containing proteins were found in the genome sequences of L. monocytogenes FSL N3-165 (44% aa identity; six cna-B domains), L. welshimeri SLCC5334 (24% aa identity; four cna-B domains), L. monocytogenes EGD-e (26% aa identity; four cna-B domains), L. monocytogenes FSL F2-208 (46% aa identity; six cna-B domains); in all cases these proteins were found upstream of the transfer operon of integrated conjungative elements (ICE). The fact that this protein is found in both ICE and plasmids in Clostridium (3) in a similar position relative to the transfer operon seems to indicate that this gene plays a general role in the conjugation process in Firmicutes.
A PCR-based screen for the presence of a pLMIV-like plasmid among 21 Listeria species isolates and 50 L. monocytogenes isolates (see Table S2 for more information on the isolates) only revealed pLMIV-like plasmids to be present in L. monocytogenes isolates. Four isolates (FSL J1-158, FSL J1-159, FSL J1-160, and FSL M1-001) were found to be positive for inlP3, P60, and the plasmidspecific origin of replication; however, a fragment of the cna-B repeat protein could not be amplified from these isolates. This indicated that these isolates (all involved in the same caprine listeriosis outbreak) carry a plasmid that is very similar to pLMIV. Interestingly, an isolate of a sporadic caprine listeriosis case (FSL M1-003) from the same geographical region as the outbreak isolates tested positive for the cna-B repeat protein and P60; however, The percent amino acid identity, based on a BLAST match to the ORF found in pLMIV.
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it tested negative for the presence of inlP3 and the plasmid-specific origin of replication. The absence of the plasmid-specific origin of replication suggests that this isolate may carry an ICE with pLMIV-like conjugation genes that integrated into the chromosome. Multilocus sequence analysis (Fig. 6) showed that all the isolates that contained pLMIV-like plasmids were found in lineage IV, while the isolate carrying the putative chromosomal ICE belonged to lineage III. Specifically, isolates FSL J1-158, FSL J1-159, FSL J1-160, and FSL M1-001 were found in a well-supported phylogenetic clade (100% bootstrap support) (Fig. 6 ) within lineage IV, while FSL J1-208 was found in a distinct clade within lineage IV (Fig. 6) . The nucleotide sequences of the inlP3 fragment (156 bp) and the P60 fragment (209 bp) were identical in FSL J1-208 and FSL J1-158, FSL J1-159, FSL J1-160, and FSL M1-001, which suggests recent transfer of the plasmid between these strains. However, given the short length of these sequences, there is a high probability (7.9%) of observing identical sequences (based on a 0.7% divergence of FSL J1-208 versus FSL J1-158, FSL J1-159, FSL J1-160, and FSL M1-001 and a Poisson distribution for the probability of observing a single-nucleotide polymorphism per nucleotide site). Transfer of the plasmid with the kanamycin resistance gene from FSL J1-208 to L. monocytogenes 10403S was not observed during two replicates of the conjugation experiments.
DISCUSSION
In this study we produced and analyzed a near-complete draft genome of FSL J1-208, a representative of L. monocytogenes lineage IV. This genome, along with the genomes available for lineage III strains, will provide an improved understanding of L. monocytogenes evolution. Our analyses specifically showed that (i) the genome of L. monocytogenes FSL J1-208 is among the smallest in the genus Listeria, (ii) this small genome size can be largely attributed to the absence of prophages in the genome of FSL J1-208, (iii) FSL J1-208 contains a rare internalin-carrying plasmid, and (iv) this plasmid contains a cna-B repeat protein, which seems to be a hallmark for a certain class of integrative and conjugative elements and plasmids in Firmicutes.
The small genome size of L. monocytogenes FSL J1-208 can largely be explained by the absence of large prophage regions. Our estimate of the chromosome size of FSL J1-208 is 2,776,529 bp, which makes it the smallest Listeria chromosome currently sequenced. The previously reported smallest genomes in Listeria were the genomes of L. welshimeri SLCC5334 (19) and L. seeligeri SLCC3954 (48), which measure 2,814,130 and 2,797,636 bp, respectively. These small genome sizes have been attributed to genome reduction associated with loss of virulence in these species (19, 48) ; however, this is clearly not the case in L. monocytogenes FSL J1-208. The virulent nature of FSL J1-208 is not only demonstrated by its involvement in a listeriosis outbreak (55) , but also with a guinea pig model (31) , where it proved to be among the most virulent L. monocytogenes strains. Comparison of the genomes of FSL J1-208 and HCC23, the most closely related L. monocytogenes strain for which the genome has been fully sequenced, showed that 63% of the difference in size between these two strains could be attributed to the absence of prophages in FSL J1-208. Gene clusters that could only be found in FSL J1-208 and not in HCC23 were generally smaller than similar HCC23-specific clusters, suggesting a reduction in the genome of FSL J1-208 compared to HCC23.
Although genome reduction in bacteria has been shown to be commonly associated with a transition of a saprotrophic to a pathogenic or obligate symbiotic lifestyle (7, 28) , it has also been shown to occur in the adaptation to nutrient-rich food environments in Lactobacillus species (43) . This suggests that genome reduction is generally associated with niche specialization and may indicate that strains of pathogenic and nonpathogenic Listeria with a small genome are more specialized to a specific niche than strains with a larger genome. We showed here that genome size in Listeria is highly correlated with the presence of prophages, and it should be noted that prophages are highly mobile and seem to be easily lost or acquired by a strain (as shown by Orsi et al. [32] ). The range in genome size between strains within the genus Listeria is very limited compared to the range in genome size of aforementioned Lactobacillus species and obligate endosymbionts. Genomes sizes in Listeria range from 2.8 to 2.9 Mb (without plasmid and prophages), while Lactobacillus species range in genome size from 1.8 Mb (L. bulgaricus ATCC 11842 [49] ) to 3.3 Mb (L. plantarum [22] ), which suggests that chromosome/genome sizes are more conserved among Listeria spp. than among Lactobacillus spp.
Total prophage region size is generally highly correlated with genome size among bacteria (29) . We found that this was true for the genus Listeria when total prophage region size was included in the chromosome size; however, this correlation is absent when the total prophage region size in a chromosome is compared to the chromosome size with the prophage regions excluded. This indicates that, while total prophage size is a major contributor to the variation in total genome size in Listeria, larger genomes (measured without prophage regions) do not necessarily harbor a larger proportion of prophage-related regions. We hypothesize that Listeria, being highly conserved in gene synteny (18) , has only a limited number of sites in the genome that allow for prophage insertion without deleterious effects for the host.
Ecological lifestyle has been shown to affect mobile DNA gene content (such as prophages), with obligate intracellular bacteria having the least mobile DNA, extracellular bacteria having more mobile DNA genes than obligate intracellular bacteria, and facultative intracellular bacteria having the most mobile DNA genes (29) . Listeria is a facultative intracellular bacterium, and the absence of prophages in the genome of FSL J1-208 could therefore indicate that this particular strain has shifted in its ecology to having either a more saprotrophic (extracellular) lifestyle or a more intracellular (pathogenic) lifestyle. Additional research on the genomics and ecology of lineage IV strains is needed to confirm if there is really a difference in ecology compared to other L. monocytogenes lineages and to confirm that loss of prophage regions is a general trend in the genome evolution of lineage IV.
The plasmid found in L. monocytogenes FSL J1-208 represents a novel plasmid for Listeria and is characterized by the presence of several internalins. Our data revealed a new type of plasmid for L. monocytogenes, which is a putative virulence plasmid. In contrast, all plasmids described for the genus Listeria to this date are classified as resistance plasmids, i.e., they carry antibiotic and/or heavy metal resistance genes (see Kuenne et al. [23] for an overview), and no virulence plasmids have previously been described. The origin of plasmid pLMIV is unclear; however, different functional regions (e.g., regions encoding genes involved in replication or conjugation and the region containing accessory genes) show different levels of sequence similarity with plasmidassociated genes in other Firmicutes genera, supporting a possible chimeric origin of the plasmid. For instance, genes found in the accessory region of this plasmid show amino acid homology to genes found in Listeria genomes (both L. monocytogenes and Listeria spp.), and a small number of accessory genes shows amino acid similarity to genes found in Clostridium. ORFs found in the region involved in conjugational transfer show relatively low homology (median of 36% aa identity) to genes of various Firmicutes (mainly Enterococcus, Lactobacillus, and Listeria) currently found in GenBank, which most likely reflects the novelty of this plasmid and our limited knowledge of plasmid diversity in Listeria and other Firmicutes.
Plasmids similar to pLMIV identified previously in Clostridium botulinum (27) and Clostridium perfringens (40) have an extremely low transfer frequency, consistent with our observations that (i) pLMIV was found in a small portion of the Listeria population and (ii) conjugation experiments between FSL J1-208 (lineage IV) and L. monocytogenes 10403S (lineage II) did not yield any transconjugants. However, the fact that pLMIV or variants thereof were present in two divergent subtypes associated with the same caprine outbreak suggests that the plasmid can be transferred between strains in nature. Possibly, this plasmid can only be transferred between strains within a lineage and is unlikely to be transferred between lineages. Alternatively, this plasmid may have been acquired by the most recent common ancestor of lineage IV and subsequently lost in some subpopulations. The fact that we found identical partial sequences of P60 and inlP3 in FSL J1-208 and FSL J1-158, FSL J1-159, FSL J1-160, and FSL M1-001 seems to support the hypothesis of horizontal transfer of the plasmid; however, additional experiments involving lineage IV recipients and analysis of the sequence divergence of (preferably full) plasmid sequences are necessary to conclusively confirm whether this plasmid is transferred horizontally or vertically.
It is generally assumed that plasmids deliver an evolutionary advantage to their host to make up for the fitness costs of plasmid replication (36) . We did not find a significant difference between the invasion efficiency of human intestinal epithelial Caco-2 cells of a plasmid-cured strain compared to its parental strain, suggesting no involvement of the plasmid-borne internalins in the invasion of human epithelial cells. In the case of pLMIV, this selective advantage might be a better compatibility to the caprine host, which may also explain the presence of this plasmid in three genetically different strains that were involved in the same outbreak (Table 1 ; see also Wiedmann et al. [55] ). Another selective advantage for strain FSL J1-208 might be that the plasmid complements the low number of internalins found on the chromosome (only 16 internalins).
Based on a PCR assay, at least two variants of the virulence plasmid were present in the isolates associated with the caprine listeriosis outbreak. The presence of these different variants (a variant with the lytic transglycosylase gene and the inlP3 gene and a variant with the lytic transglycolase gene, the inlP3 gene, and the cna-B repeat protein) seems to indicate that the plasmid is not stable in gene content over time.
The cna-B repeat protein found on the plasmid pLMIV is commonly associated with plasmids and integrated and conjugative elements. The role of the cna-B repeat protein, though often annotated as a collagen binding protein (42) , is unknown. It is often suggested that this protein is a potential virulence protein, because of the presence of cna-B domains that are homologous to similar domains found in collagen binding proteins in Staphylococcus aureus (8) . It has been shown, however, that other domains mediate collagen binding (pfam05737), and instead the cna-B repeats are thought to form a stalk (8) that projects, in the case of S. aureus, the actual collagen binding domains from the bacterial surface. We found that this type of protein, the cna-B repeat protein, is often associated with ICE in Listeria and with conjugative plasmids and ICE in other Firmicutes (Clostridium [3] and Enterococcus [38] ). This association with the conjugative plasmids and ICE suggests that this cna-B repeat protein is involved in the actual conjugation process and may putatively be involved in coaggregation of donor and receptor cells.
Conclusion. This works shows that sequencing of rare genotypes of isolates from within relatively well-known species such as Listeria monocytogenes can greatly improve our knowledge of the biology and genome evolution of the whole species. In particular, in L. monocytogenes our knowledge of genome diversity and mobile elements has been largely dominated by isolates from either food items or human clinical cases, which represents probably only a small part of the diversity of this predominantly saprotrophic organism.
